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by, an increase in size of a pressing machine can be 
suppressed, good magnetic properties can be obtained, 
and handling can be facilitated. 
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Description 
Technical Field 

[0001] The present invention gene rally relates to a dust 5 
core and a method of manufacturing the same, and more 
particularly, to a dust core used for example as a stator 
core for a motor and a method of manufacturing the 
same. 

Background Art 

[0002] Conventionally, a magnetic core used for ex- 
ample as a stator core for a motor has been fabricated 
by stamping out a magnetic steel sheet material with a 
mold, stacking a plurality of the stamped-out magnetic 
steel sheets thereafter, and winding a coil on the stacked 
magnetic steel sheets. 

[0003] Further, a technique of pressure forming mag- 
netic powder to fabricate a magnetic core used for ex- 
ample as a stator core for a motor has been known, and 
such a technique is disclosed for example in Japanese 
Patent Laying-Open No. 2004-040871 (Patent Docu- 
ment 1). 

[0004] Fig. 23 is a perspective view showing a method 
of manufacturing a stator core disclosed in Patent Doc- 
ument 1 . Referring to Fig. 23, a core piece 1 05 in a shape 
vertically divided in a circumferential direction is formed 
by molding a composite material containing magnetic 
powder and an insulating member. A coil (not shown) is 
wound on a wire-wound portion of core piece 105. Mul- 
tiple core pieces 1 05, each wound with the coil, are com- 
bined in the circumferential direction and joint surfaces 
105a of adjacent core pieces 1 05 are joined together to 
form a stator core 110. 

Patent Document 1: Japanese Patent Laying-Open No. 
2004-040871 

Disclosure of the Invention 

Problems to be Solved by the Invention 

[0005] In Patent Document 1 , however, if an attempt 
is made to manufacture a stator core having a large di- 
mension in a height direction, a dimension H1 1 of core 
piece 105 in the height direction is increased, requiring 
a larger pressing machine. Fig. 24(a) is a plan view of a 
die of a mold used to manufacture the core piece de- 
scribed in Patent Document 1 , and Fig. 24(b) is a sche- 
matic cross sectional view corresponding to a section 
along the line XXIVB-XXIVB of Fig. 24(a). Referring to 
Fig. 24, core piece 1 05 is molded in general by filling soft 
magnetic powder into a mold 151 and applying pressure 
to the soft magnetic powder from above and below (in 
the height direction) by an upper punch 1 52 and a lower 
punch 153, respectively. The stroke (a required movable 
range) of upper punch 1 52 and lower punch 1 53 is about 
five to six times dimension H1 1 of a molding in the height 



direction (5-6XH11). Accordingly, when dimension H1 1 
of core piece 105 in the height direction is for example 
around 1 0 mm, the stroke of upper punch 152 and lower 
punch 153 is about 60 mm. On the other hand, when a 
stator core having a dimension in the height direction of 
50 mm is to be manufactured, dimension H11 of core 
piece 105 in the height direction is also set at 50 mm, 
and the stroke of upper punch 152 and lower punch 153 
is set at about 300 mm. As a result, a larger pressing 
machine is required. 

[0006] Further, in Patent Document 1 , if an attempt is 
made to manufacture a stator core having a large dimen- 
sion in a height direction, density distribution within core 
piece 105 becomes uneven, deteriorating magnetic 
properties. As described above, if an attempt is made to 
manufacture a stator core having a large dimension in a 
height direction, dimension H1 1 of core piece 105 in the 
height direction is increased. Thereby, the upper punch 
and the lower punch have a greater distance therebe- 
tween when applying pressure to soft magnetic particles, 
and thus they fail to apply pressure to the soft magnetic 
particles evenly in the height direction. This results in 
uneven density distribution within core piece 105 in the 
height direction, and deterioration of magnetic properties 
in a low-density portion. 

[0007] Furthermore, in Patent Document 1 , there has 
been a problem that core piece 1 05 is difficult to be han- 
dled during manufacturing. Referring to Fig. 23, since an 
outer circumferential surface 108b of core piece 105 is 
a curved surface, if core piece 105 is kept being placed 
laterally (with its outer circumferential surface 108b fac- 
ing down) for example while it is subjected to thermal 
treatment after being molded, outer circumferential sur- 
face 1 08b may be deformed by its own weight. For this 
reason, when handling core piece 105 during manufac- 
turing, core piece 105 should be placed and kept in an 
upright position (with its bottom surface 108a facing 
down). However, since core piece 105 is in a shape hav- 
ing a high ratio of dimension H1 1 in the height direction 
to a dimension W1 1 in a width dimension (Fig. 23), core 
piece 1 05 is unstable in the upright position and may fall 
down. Therefore, it has been difficult to handle core piece 
1 05 during manufacturing. In particular, if core piece 105 
falls down within a furnace while it is subjected to thermal 
treatment after being molded, operation of the furnace 
should be suspended to remove the fallen core piece, 
causing an increase in tact time for thermal treatment. 
[0008] Further, in Patent Document 1 , the height of the 
wire-wound portion on which a coil is to be wound is the 
same as the overall height of stator core 1 10 as shown 
in Fig. 23. Accordingly, when a coil 106 is wound on the 
wire-wound portion as shown in Fig. 25, coil 106 projects 
from the surface of stator core 110 by a wound height 
H12, causing a so-called overhang. This results in an 
increase in size of a motor by the amount of the overhang. 
[0009] Furthermore, in Patent Document 1, the wire- 
wound portion on which a coil is to be wound has a square 
corner as shown in Fig. 23. Accordingly, when coil 106 



15 



20 



25 



30 



35 



40 



45 



50 



2 



3 



EP 1 742 327 A1 



4 



is wound on the wire-wound portion of core piece 1 05 as 
shown in Fig. 26, an insulating film of coil 1 06 is damaged 
at a square corner (a region S1 ) of the wire-wound portion 
during the winding. 

[001 0] Consequently, one object of the present inven- 
tion is to solve the aforementioned problems, and to pro- 
vide a dust core capable of suppressing an increase in 
size of a pressing machine even when manufacturing a 
dust core with a large dimension in a height direction, 
having good magnetic properties, and facilitating han- 
dling of pieces during manufacturing, and a method of 
manufacturing the same. 

[001 1 ] Another object of the present invention is to pre- 
vent an overhang of a coil, or to prevent damage to an 
insulating film of a coil. 

Means for Solving the Problems 

[0012] A dust core of the present invention includes 
first and second annular dust core pieces. Each of the 
first and second annular dust core pieces has a plurality 
of arcuate dust core pieces each integrally having a yoke 
extending in an arc shape and a tooth projecting in a 
radial direction of the yoke. The plurality of arcuate dust 
core pieces are each disposed along a circumferential 
direction of the yoke and joined together, and the first 
and second annular dust core pieces are stacked in a 
height direction and joined together. 
[0013] A method of manufacturing a dust core of the 
present invention includes the steps of: forming a plurality 
of arcuate dust core pieces each integrally having a yoke 
extending in an arc shape and a tooth projecting in a 
radial direction of the yoke, by performing pressure form- 
ing on soft magnetic powder; fabricating each of first and 
second annular dust core pieces by disposing each of 
the plurality of arcuate dust core pieces along a circum- 
ferential direction of the yoke and joining the plurality of 
arcuate dust core pieces; and stacking the plurality of 
arcuate dust core pieces in a height direction and joining 
the plurality of arcuate dust core pieces. 
[0014] According to the dust core and the method of 
manufacturing the dust core of the present invention, 
since the dust core is divided in the height direction into 
the first and the second annular dust core pieces, a di- 
mension of the arcuate dust core piece, which constitutes 
each of the first and the second annular dust core pieces, 
in the height direction is smaller than a dimension of a 
piece constituting a conventional dust core in the height 
direction. Thereby, even when manufacturing a dust core 
having a large dimension in a height direction, a dimen- 
sion of a piece constituting the dust core in the height 
direction can be maintained small, and thus an increase 
in size of a pressing machine can be suppressed. 
[001 5] Further, since the dimension of the arcuate dust 
core piece in the height direction is smaller than that of 
a conventional dust core piece, soft magnetic particles 
can be evenly pressed in the height direction when the 
arcuate dust core piece is subjected to press molding. 



As a result, density distribution within the arcuate dust 
core piece in the height direction becomes even, and 
thus good magnetic properties can be achieved even 
when manufacturing a dust core having a large dimen- 
5 sion in a height direction. 

[0016] Furthermore, since the dimension of the arcu- 
ate dust core piece in the height direction is smaller than 
that of a conventional dust core piece, the ratio of the 
dimension of the arcuate dust core piece in the height 
direction to a dimension of the arcuate dust core piece 
in a width direction is reduced. Thereby, the arcuate dust 
core piece can be stably kept in an upright position during 
manufacturing, and thus it can easily be handled. 
[001 7] Preferably, in the dust core described above, a 
joint between the plurality of arcuate dust core pieces is 
provided with a boundary surface formed by joining the 
plurality of arcuate dust core pieces. Each of the plurality 
of arcuate dust core pieces has a surface roughness Ry 
of not more than 3 jim in the boundary surface. 
[0018] Accordingly, through observation of a complet- 
ed dust core, it can be understood that the dust core is 
formed with the first and second annular dust core pieces 
stacked, and that the pi urality of arcuate dust core pieces 
are each disposed along the circumferential direction of 
the yoke. 

[0019] Preferably, in the dust core described above, 
the plurality of arcuate dust core pieces are fixed with a 
resin applied tothe boundary surfaces of the arcuate dust 
core pieces. The resin may be an adhesive which natu- 
rally dries at room temperature, an adhesive which 
presents adhesive properties after thermal treatment, or 
an adhesive which presents adhesive properties by the 
anchor effect of a resin that is softened by being heated 
and flows into a void between particles of the arcuate 
dust core pieces. 

[0020] Preferably, in the dust core described above, a 
dimension of the tooth in the height direction is smaller 
than a dimension of the yoke in the height direction. 
[0021] Thereby, when a coil is wound on the tooth, a 
so-called overhang in which the coil protrudes above a 
surface of the yoke can be prevented, and thus an in- 
crease in size of the dust core having the coil can be 
suppressed. 

[0022] Preferably, in the dust core described above, a 
corner of the tooth has a rounded shape. 
[0023] Thereby, when a coil is wound on the tooth, 
damage to an insulating film of the coil due to a square 
corner of the tooth can be prevented. 
[0024] Preferably, in the dust core described above, 
the first and second annular dust core pieces are fixed 
by at least one of a bolt and a combination of a recess 
and a protrusion, and a portion through which the bolt is 
inserted or one of the recess and the protrusion is located 
in proximity of one of an inner circumferential end face 
and an outer circumferential end face of the yoke that is 
opposite to the end face of the yoke on which the tooth 
is located. 

[0025] In the dust core described above, lines of mag- 
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netic force are generated to extend from the tooth to the 
yoke or from the yoke to the tooth, and thus the lines of 
magnetic force exist in a region in proximity of the end 
face of the yoke on which the tooth is located. If the portion 
through which the bolt is inserted or one of the recess 5 
and the protrusion is located in this region in which the 
lines of magnetic force exist, magnetic properties may 
be deteriorated. Consequently, by disposing the portion 
through which the bolt is inserted or one of the recess 
andthe protrusion in proximity of the end face of the yoke w 
that is opposite to the end face of the yoke on which the 
tooth is located, the first and second annular dust core 
pieces can be fixed with magnetic properties prevented 
from being deteriorated. 

[0026] Preferably, in the dust core described above, 15 
an additional annular dust core piece interposed between 
the first and second annular dust core pieces is further 
provided, and the additional annular dust core piece has 
the same planar shape as that of the first and second 
annular dust core pieces and has a straight cross section 20 
in the yoke and the tooth. 

[0027] Bysandwichingtheadditionalannulardustcore 
piece between the first and second annular dust core 
pieces, a dimension of each of the first and second an- 
nular dust core pieces in the height direction can further 25 
be reduced. 

[0028] Preferably, in the method of manufacturing the 
dust core described above, a mold used for the pressure 
forming of each of the plurality of the arcuate dust core 
pieces is divided into at least a mold portion forming the 30 
tooth and a mold portion forming the yoke, and the mold 
portion forming the tooth is fixed relative to a die of the 
mold and the mold portion forming the yoke is movable 
relative to the die. 

[0029] By fixing the mold portion forming the tooth rel- 35 
ative to the die of the mold, the tooth can be formed in a 
desired shape with the strength of the mold portion form- 
ing the tooth maintained even when the tooth is formed 
to have a rounded comer. 

40 

Effects of the Invention 

[0030] As described above, according to the dust core 
and the method of manufacturing the dust core of the 
present invention, a dust core capable of suppressing an 45 
increase in size of a pressing machine even when man- 
ufacturing a dust core with a large dimension in a height 
direction, having good magnetic properties, and facilitat- 
ing handling of pieces during manufacturing can be ob- 
tained. 50 

Brief Description of the Drawings 

[0031] 

55 

Fig. 1 is a plan view of a motor provided with a stator 
core fabricated in an embodiment of the present in- 
vention. 



Fig. 2 is a schematic cross sectional view along the 
linell-llof Fig. 1. 

Fig. 3 is a partially broken perspective view showing 

a structure of an annular dust core piece. 

Fig. 4 is a perspective view showing a structure of 

an arcuate dust core piece. 

Fig. 5 is a schematic cross sectional view along the 

line V-V of Fig. 2. 

Fig. 6A is a schematic cross sectional view of teeth 
along the line V-V of Fig. 2. 
Fig. 6B is another schematic cross sectional view of 
the teeth along the line V-V of Rg. 2. 
Fig. 7isaschematic view showing an enlarged struc- 
ture of a surface of the stator core in Fig. 1 . 
Fig. 8 is a schematic cross sectional view showing 
in enlarged dimension a portion close to a joint be- 
tween a plurality of arcuate dust core pieces in a 
region S of Fig. 2 and in a region U of Fig. 1 . 
Fig. 9A is an explanatory view showing a first step 
of a method of manufacturing a dust core in an em- 
bodiment of the present invention, which is a plan 
view of a die of a mold. 

Fig. 9B is a schematic cross sectional view corre- 
sponding to a section along the line IXB-IXB of Fig. 
9A. 

Fig. 9C is a schematic cross sectional view corre- 
sponding to a section along the line IXC-IXC of Fig. 
9A. 

Fig. 10A is an explanatory view showing a second 

step of the method of manufacturing a dust core in 

the embodiment of the present invention, which is a 

plan view of the arcuate dust core piece. 

Fig. 10B is a schematic cross sectional view along 

the line XB-XB of Fig. 10A. 

Fig. 11 A is an explanatory view showing a third step 

of the method of manufacturing a dust core in the 

embodiment of the present invention, which is a plan 

view of the annular dust core piece. 

Fig. 1 1 B is a schematic cross sectional view along 

the line XIB-XIBof Fig. 11 A. 

Fig. 12A is an explanatory view showing a fourth step 

of the method of manufacturing a dust core in the 

embodiment of the present invention, which is a plan 

view showing a condition where two annular dust 

core pieces are stacked. 

Fig. 12B is a schematic cross sectional view along 
the line XIIB-XIIB of Fig. 12A. 
Fig. 13A is an explanatory view showing a fifth step 
of the method of manufacturing a dust core in the 
embodiment of the present invention, which is a plan 
view showing a condition where a coil is wound. 
Fig. 13B is a schematic cross sectional view along 
the lineXIIIB-XIIIB of Fig. 13A. 
Fig. 1 4 is a partial cross sectional view of a tooth 
forming portion corresponding to the section along 
the line IXB-IXB of Fig. 9A in a case where the tooth 
forming portion is movable in upward and downward 
directions. 
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Fig. 15 is a partial cross sectional view of another 
tooth forming portion corresponding to the section 
along the line IXB-IXB of Fig. 9A in a case where the 
tooth forming portion is movable in upward and 
downward directions. 

Fig. 16A is a view showing a cross sectional shape 
of a tooth formed using the mold of Fig. 15. 
Fig. 16B is a view showing a cross sectional shape 
when a coil is wound on the teeth of Fig. 16A. 
Fig. 17 is a view for illustrating a situation where an 
additional annular dust core piece is interposed be- 
tween the two annular dust core pieces. 
Fig. 18 is a view for illustrating a position in which a 
bolt inserting portion or one of a recess and a pro- 
trusion is disposed. 

Fig. 19 is a view for illustrating another position in 
which a bolt inserting portion or one of a recess and 
a protrusion is disposed. 

Fig. 20 is a plan view showing a structure of another 
stator core in the embodiment of the present inven- 
tion. 

Fig. 21 is a perspective view showing a structure of 
another arcuate dust core piece in the embodiment 
of the present invention. 

Fig. 22 is a perspective view showing a structure of 
still another arcuate dust core piece in the embodi- 
ment of the present invention. 
Fig. 23 is a perspective view showing a method of 
man uf acturing a stator core disclosed in Patent Doc- 
ument 1 . 

Fig. 24(a) is a plan view of a die of a mold used to 
manufacture a core piece described in Patent Doc- 
ument 1 . 

Fig. 24(b) is a schematic cross sectional view corre- 
sponding to a section along the line XXIVB-XXIVB 
of Fig. 24(a). 

Fig. 25 is a schematic perspective view showing a 
state where an overhang is caused. 
Fig. 26 is a schematic cross sectional view for de- 
scribing a problem caused when a tooth has a square 
corner. 

Description of the Reference Signs 

[0032] 1. motor, 2. tooth, 2a. projection, 3. flange, 4. 
yoke, 4b. projection, 4c. uppersurface, 4d, 4e. end face, 
5. annular dust core piece, 5a. additional annular dust 
core piece, 5a1,105a. joint surface, 6, 106. coil, 6a. sur- 
face, 7. arcuate dust core piece, 9. resin, 1 0, 1 1 0. stator 
core, 1 1. rotor core, 12. permanent magnet, 13. rotation 
axis, 20. recess or protrusion, or bolt inserting portion, 
21. metal magnetic particle, 22. insulating film, 23. soft 
magnetic particle, 24. organic substance, 31 . joint sur- 
face, 32. boundary portion, 33. adhesive layer, 51. die, 
52, 1 62b. tooth forming portion, 52a. groove, 53a. yoke- 
forming lower punch, 53b. a flange-forming lower punch, 
54, 164. upper punch, 105. core piece, 108a. bottom sur- 
face, 1 08b. outer circumferential surface, 151. mold, 1 52. 



upper punch, 153. lower punch, 162a. fixed portion, 
162b. tooth forming portion. 

Best Modes for Carrying Out the Invention 

5 

[0033] An embodiment of the present invention will be 
described with reference to the drawings. 
[0034] Fig. 1 is a plan view of a motor having a stator 
core in an embodiment of the present invention. Fig. 2 is 

io a schematic cross sectional view along the line 11-11 of 
Fig. 1 . Fig. 3 is a partially broken perspective view show- 
ing a structure of an annular dust core piece. Fig. 4 is a 
perspective view showing a structure of an arcuate dust 
core piece. Fig. 5 is a schematic cross sectional view 

15 along the line V-V of Fig. 2. 

[0035] Referring to Fig. 1, a motor 1 includes a ring- 
shaped stator core 1 0 and a cylindrical rotor core 1 1 dis- 
posed inside the inner periphery of stator core 1 0. Rotor 
core 11 has a rotation axis 13 in its center. Rotation of 
rotor core 11 about rotation axis 13 allows motor 1 to 
provide rotational movement. In the periphery of rotor 
core 1 1 , permanent magnets 12 are embedded at inter- 
vals of a predetermined angle. Stator core 10 is formed 
of a plurality of soft magnetic particles joined together. 

25 [0036] Referring to Fig. 2, stator core 1 0 includes first 
and second annular dust core pieces 5, 5. The first and 
second annular dust core pieces 5, 5 are stacked in a 
height direction thereof (in a direction indicated by an 
arrow A), and joined together. The first and second an- 

30 nular dust core pieces 5, 5 have the same planar shape. 
[0037] Referring to Figs. 3 and 4, the first and second 
annular dust core pieces 5, 5 have a plurality of arcuate 
dust core pieces 7. The plurality of arcuate dust core 
pieces 7 are each disposed along a circumferential di- 

35 rection of a yoke 4 (a direction indicated by an arrow B), 
and joined together. Specifically, the plurality of arcuate 
dust core pieces 7 are stacked in the height direction 
thereof (in the direction indicated by arrow A) and joined 
together, as well as being disposed along the circumfer- 

to entiat direction of yoke 4 (the direction indicated by arrow 
B) and joined together. 

[0038] Each of the plurality of arcuate dust core pieces 
7 has yoke 4 extending in an arc shape in the circumfer- 
ential direction, a tooth 2 projecting from yoke 4 inwardly 
45 in a radial direction of yoke 4, and a flange 3 extending 
in a circumferential direction at a projecting end of each 
tooth 2. Yoke 4, tooth 2, and flange 3 are formed inte- 
grally. 

[0039] Bottom surfaces of yoke 4, tooth 2, and flange 
50 3 constitute a flat surface. A dimension T2 of arcuate dust 
core piece 7 in height direction A is half a dimension H1 
of stator core 10 in height direction A. Further, a dimen- 
sion T1 of tooth 2 in height direction A is smaller than 
dimension T2 of yoke 4 in height direction A. Thereby, 
55 the upper surface of tooth 2 is located at a level lower 
than those of the upper surfaces of yoke 4 and flange 3 
in height direction A (that is, located closer to the bottom 
surface). A dimension W1 indicates a dimension of ar- 
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cuate dust core piece 7 in a width direction. 
[0040] Referring to Figs. 1 and 2, a coil 6 is wound on 
teeth 2 of two arcuate dust core pieces 7 stacked in the 
height direction. Coil 6 is formed of a spirally extending 
conducting wire coated with an insulating film. The con- 
ducting wire is wound in multiple layers in a direction 
away from the surfaces of teeth 2. The conducting wire 
is made for example of copper, and has a diameter of 
about 0.3 mm to 3 mm. The insulating film is made for 
example of a typical enamel, and has a thickness of about 
30 |xm. Coil 6 is disposed to be sandwiched by yoke 4 
and flange 3, and thus the position of coil 6 with respect 
to teeth 2 is fixed. 

[0041] Referring to Fig. 5, a corner C of teeth 2 on 
which coil 6 is wound has a rounded shape. More pref- 
erably, a curvature radius R of each corner C is for ex- 
ample not less than 0.3 mm and not more than 0.5x W2, 
where W2 is a width of teeth 2. 
[0042] Although the present embodiment describes 
the case where the teeth have a round cross sectional 
shape, the rounded shape set forth in the present inven- 
tion is not limited to such a case. The above-mentioned 
effect of preventing damage to the coil can also be 
achieved in a case where the teeth have an elliptical cross 
sectional shape as shown in Fig. 6A or a rectangular 
cross sectional shape with four corners rounded as 
shown in Fig. 6B. 

[0043] Fig. 7 is a schematic view showing an enlarged 
structure of a surface of the statorcore in Fig. 1 . Referring 
to Fig. 7, a plurality of soft magnetic particles 23 consti- 
tuting statorcore 1 each include a metal magnetic particle 
21 , and an insulating film 22 surrounding the surface of 
metal magnetic particle 21. An organic substance 24 is 
interposed between the plurality of soft magnetic parti- 
cles 23. Soft magnetic particles 23 are joined together 
by organic substance 24, or by engagement between a 
recess and a protrusion formed in and on soft magnetic 
particles 23. 

[0044] Metal magnetic particle 21 can be made for ex- 
ample of iron (Fe), an iron (Fe)-silicon (Si) based alloy, 
an iron (Fe)-nitrogen (N) based alloy, an iron (Fe)-nickel 
(Ni) based alloy, an iron (Fe)-carbon (C) based alloy, an 
iron (Fe)-boron (B) based alloy, an iron (Fe)-cobalt (Co) 
based alloy, an iron (Fe)-phosphorus (P) based alloy, an 
iron (Fe)-nickel (Ni)-cobalt (Co) based alloy, and an iron 
(Fe)-aluminum (Al)-silicon (Si) based alloy. Metal mag- 
netic particle 21 may be made of an elemental metal or 
an alloy. 

[0045] Insulating film 22 is formed for example by treat- 
ing metal magnetic particle 21 with phosphoric acid. Fur- 
ther, insulating film 22 preferably contains an oxide. As 
insulating film 22 containing an oxide, an oxide insulator 
can be used, such as iron phosphate containing phos- 
phorus and iron, manganese phosphate, zinc phosphate, 
calcium phosphate, aluminum phosphate, silicon oxide, 
titanium oxide, aluminum oxide, or zirconia oxide. Insu- 
lating film 22 may be formed in a single layer as shown 
in the drawing, or may be formed in multiple layers. 



[0046] Insulating film 22 serves as an insulating layer 
between metal magnetic particles 21 . By covering metal 
magnetic particle 21 with insulating film 22, electric re- 
sistivity p of stator core 10 can be increased. This can 
5 suppress eddy current from flowing between metal mag- 
netic particles 21, and reduce core loss resulting from 
the eddy current 

[0047] Examples of organic substance 24 include: a 
thermoplastic resin such as a thermoplastic polyimide, a 

to thermoplastic polyamide, a thermoplastic polyamideim- 
ide, a polyphenylene sulfide, a polyamideimide, a poiy- 
ethersulfone, a polyetherimide, or a polyether ether ke- 
tone; a non-thermoplastic resin such as a wholly aromatic 
polyester, a wholly aromatic polyimide, or a polyethylene 

15 of high molecular weight; and a higher fatty acid such as 
zinc stearate, lithium stearate, calcium stearate, lithium 
palmitate, calcium palmitate, lithium oleate, or calcium 
oleate. Further, a mixture of these substances can be 
used as organic substance 24. It is to be noted that a 

20 polyethylene of high molecular weight is a polyethylene 
having a molecular weight of not less than 100,000. 
[0048] Organic substance 24 firmly joins the plurality 
of soft magnetic particles 23 to improve the strength of 
statorcore 10. Further, organic substance 24 serves as 

25 a lubricant during pressure forming for obtaining stator 
core 10. This prevents soft magnetic particles 23 from 
rubbing against each other and damaging insulating film 
22. 

[0049] Fig. 8 is a schematic cross sectional view show- 
so ing in enlarged dimension a portion close to a joint be- 
tween the plurality of arcuate dust core pieces in a region 
S of Fig. 2 and in a region U of Fig. 1 . Referring to Fig. 
8, the joint between the plurality of arcuate dust core piec- 
es is provided with a boundary portion 32 formed by join- 
ts ing the plurality of arcuate dust core pieces. 

[0050] Since the plurality of arcuate dust core pieces 
7 are each formed by pressure forming, surface rough- 
ness of a mold used for the pressure forming is reflected 
in surface roughness of a joint surface 31 of each of the 
40 plurality of arcuate dust core pieces 7. Specifically, since 
the mold generally has a surface roughness Ry of not 
more than 0.3 p,m, joint surface 31 of each of the plurality 
of arcuate dust core pieces 7 has a surface roughness 
Ry of not more than 3 ^m. It is to be noted that surface 
45 roughness Ry refers to maximum height Ry. In order to 
enhance junction between the plurality of arcuate dust 
core pieces 7, an adhesive layer 33 made of such as a 
thermoplastic polyamide may for example be formed at 
boundary portion 32 as shown, or there may be space 
50 at boundary portion 32. 

[0051] A method of manufacturing a dust core in the 
present embodiment will now be described. 
[0052] Figs. 9 to 13 are explanatory views showing a 
method of manufacturing a dust core in an embodiment 
55 of the present invention, step by step. 

[0053] Note that Fig. 9A is a plan view of a die of a 
mold, Fig. 9B is a schematic cross sectional view corre- 
sponding to a section along the line IXB-IXB of Fig. 9A, 
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and Fig. 9C is a schematic cross sectional view corre- 
sponding to a section along the line IXC-IXC of Fig. 9A. 
[0054] Fig. 1 0A is a plan view of the arcuate dust core 
piece, and Fig. 1 0B is a schematic cross sectional view 
along the line XB-XB of Fig. 1 0A. Fig. 1 1 A is a plan view 
of the annular dust core piece, and Fig. 1 1B is a sche- 
matic cross sectional view along the line XIB-XIB of Fig. 
1 1 A. Fig. 12A is a plan view showing a condition where 
two annular dust core pieces are stacked, and Fig. 12B 
is a schematic cross sectional view along the line XIIB- 
XIIB of Fig. 12A. Fig. 13A is a plan view showing a con- 
dition where a coil is wound, and Fig. 1 3B is a schematic 
cross sectional view along the line XIIIB-XII IB of Fig. 1 3A. 
[0055] Referring to Figs. 9A to 9C, firstly, a mold for 
fabricating the arcuate dust core piece is prepared. As 
shown in Fig. 9B, the mold has a die 51 , a yoke-forming 
lower punch 53a, a flange-forming lower punch 53b, a 
tooth forming portion 52, and an upper punch 54. Yoke- 
forming lower punch 53a, flange-forming lower punch 
53b, and upper punch 54 are movable in upward and 
downward directions relative to die 51 . Tooth forming por- 
tion 52 is fixed relative to the position of die 51 and does 
not move. Lower punch 53b may be integral with tooth 
forming portion 52. 

[0056] The stroke (a required movable range) of upper 
punch 54, yoke-forming lower punch 53a, and flange- 
forming lower punch 53b is about five to six times dimen- 
sion T2 of arcuate dust core piece 7 in the height direction 
(5-6 xT2), which is smaller than before. 
[0057] As shown in Fig. 9C, tooth forming portion 52 
has a groove 52a, and the lower corner of groove 52a 
has a rounded shape. When the bottom of groove 52a 
has for example a semicircular cross section, it is more 
preferable that curvature radius R of the corner is not 
less than 0.3 mm and not more than 0.5 xW2, where W2 
is a width of groove 52a. 

[0058] The mold is filled with soft magnetic powder (not 
shown) obtained by mixing soft magnetic particles 23 and 
organic substance 24 illustrated in Fig. 7, and pressure 
forming is performed under a pressure for example be- 
tween 700 MPa and 1500 MPa. Preferably, pressure 
forming is performed in an inert gas atmosphere or a 
reduced-pressure atmosphere. This can suppress oxi- 
dation of the soft magnetic powder by oxygen in the air. 
[0059] During the pressure forming, the yoke is applied 
with pressure from above and below by upper punch 54 
and yoke-forming lower punch 53a, respectively, and the 
flange is applied with pressure from above and below by 
upper punch 54 and flange-forming lower punch 53b, re- 
spectively. The tooth is applied with pressure from above 
by upper punch 54, between tooth forming portion 52 and 
upper punch 54. 

[0060] Referring to Figs. 10A and 10B, the soft mag- 
netic powder is compressed by the pressure forming, to 
form arcuate dust core piece 7 having yoke 4 extending 
in an arc shape, tooth 2 projecting inwardly in the radial 
direction of yoke 4, and flange 3 extending in the circum- 
ferential direction at the projecting end of tooth 2. Yoke 



4, tooth 2, and flange 3 are formed integrally. Further, 
tooth 2 has a corner formed to have a rounded shape. 
[0061] Next, arcuate dust core piece 7 is subjected to 
thermal treatment at a temperature of less than a thermal 

5 decomposition temperature of insulating film 22. When 
insulating film 22 is made for example of a phosphate 
film, thermal treatment is performed at a temperature of 
not less than 400°C and less than 500°C for not less than 
one hour. Thermal treatment at such a high temperature 

10 can remove distortions and dislocations within a molding 
and significantly improve magnetic properties of arcuate 
dust core piece 7. Further, thermal treatment does not 
deteriorate insulating film 22. 

[0062] Referring to Figs. 1 1 A and 1.1 B, the plurality of 

15 arcuate dust core pieces 7 obtained as described above 
are prepared, and the plurality of arcuate dust core pieces 
7 are each disposed along the circumferential direction 
of yoke 4 (the direction indicated by arrow B) such that 
yokes 4 form a ring. Then, in this state, the plurality of 

20 arcuate dust core pieces 7 are joined together. Arcuate 
dust core pieces 7 are joined together for example by 
being fastened from the outer circumferential portion by 
means of shrink fitting or the like, being f ixed by engage- 
ment between a recess and a protrusion, or being bonded 

25 with a resin. Thereby, the first annular dust core piece 5 
is fabricated. The second annular dust core piece 5 is 
fabricated in the same way. The joint surface of arcuate 
dust core piece 7 can be ground to form a flat portion 
before arcuate dust core pieces 7 are joined together. 

30 [0063] Referring to Figs. 12A and 12B, the first and 
second annular dust core pieces 5 obtained as described 
above are prepared. Then, they are stacked in the height 
direction (the direction indicated by arrow A) and joined 
together. They are joined for example by being fixed by 

35 a bolt, being fixed by means of engagement between a 
recess and a protrusion, or being bonded with a resin. 
As a result of the joining described above, statorcore 10 
is formed. The joint surface of annular dust core piece 5 
can be ground to form a flat portion before annular dust 

to core pieces 5 are joined together. Further, after annular 
dust core pieces 5 are joined, a portion of flanges 3 facing 
a rotor can be ground in order to obtain a gap between 
the rotor and annular dust core pieces 5. 
[0064] It has been described that the plurality of arcu- 

45 ate dust core pieces 7 are each disposed along the cir- 
cumferential direction of yoke 4 and joined together, and 
thereafter the plurality of arcuate dust core pieces 7 are 
stacked in the height direction and joined together. In the 
present invention, however^ instead of such a case, the 

50 plurality of arcuate dust core pieces 7 may be stacked in 
the height direction and joined together, and thereafter 
the plurality of arcuate dust core pieces 7 may be dis- 
posed along the circumferential direction of yoke 4. 
[0065] Referring to Figs. 1 3A and 1 3B, coil 6 is wound 

55 on teeth 2 of statorcore 1 0. Coil 6 is spirally wound, using 
a conducting wire coated with an insulating film. Stator 
core 10 wound with coil 6 shown in Fig. 1 is thus com- 
pleted through the steps described above. 
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[0066] According to the embodiment of the present in- 
vention, since stator core 10 is divided in the height di- 
rection into the f irst and second annular dust core pieces 
5, dimension T2 of arcuate dust core piece 7, which con- 
stitutes stator core 10, in the height direction is smaller 
than dimension H11 of conventional core piece 105 in 
the height direction. Thereby, even when manufacturing 
a core piece having a large dimension in a height direc- 
tion, a dimension of a piece constituting the core piece 
in the height direction can be maintained small, and thus 
an increase in size of a pressing machine can be sup- 
pressed. 

[0067] Further, since dimension T2 of arcuate dust 
core piece 7 in the height direction is smaller than dimen- 
sion H11 of conventional core piece 105 in the height 
direction, soft magnetic particles 23 can be evenly 
pressed in the height direction when arcuate dust core 
piece 7 is subjected to press molding. As a result, density 
distribution within arcuate dust core piece 7 in the height 
direction becomes even, and thus good magnetic prop- 
erties can be achieved even when manufacturing a dust 
core having a large dimension in a height direction. 
[0068] Furthermore, since dimension T2 of arcuate 
dust core piece 7 in the height direction is smaller than 
dimension H11 of conventional core piece 105 in the 
height direction, the ratio of dimension T2 of arcuate dust 
core piece 7 in the height direction to dimension W1 of 
arcuate dust core piece 7 in the width direction is reduced. 
Thereby, arcuate dust core piece 7 can be stably kept in 
an upright position during manufacturing, and thus it can 
easily be handled. 

[0069] Further, as shown in Fig. 2, dimension T1 of 
tooth 2 in the height direction is smaller than dimension 
T2 of yoke 4 in the height direction. Accordingly, when 
coil 6 is wound on teeth 2, a so-called overhang in which 
a surface 6a of coil 6 protrudes above an upper surface 
4c of yoke 4 can be prevented, and thus an increase in 
size of stator core 10 having coil 6 can be suppressed. 
[0070] Further, as shown in Fig. 5, corner C of teeth 2 
has a rounded shape. Accordingly, when coil 6 is wound 
on teeth 2, damage to an insulating film of coil 6 due to 
a square corner of teeth 2 can be prevented. 
[0071] The mold used for the pressure forming of ar- 
cuate dust core piece 7 is divided into at least tooth form- 
ing portion 52 and yoke-forming lower punch 53a as 
shown in Figs. 9A to 9C, and tooth forming portion 52 is 
fixed relative to die 51 and yoke-forming lower punch 53 
a is movable relative to die 5 1 . Thereby, even when tooth 
2 is formed to have a rounded corner, tooth 2 can be 
formed in a desired shape with the strength of tooth form- 
ing portion 52 maintained. Details thereof will now be 
described. 

[0072] Fig. 14 is a partial cross sectional view of the 
tooth forming portion corresponding to the section along 
the line IXB-IXB of Fig. 9A in a case where the tooth 
forming portion is movable in upward and downward di- 
rections. Referring to Fig. 14, it is conceivable that the 
tooth is formed by moving a tooth forming portion 162b 



relative to fixed portions 1 62a and applying pressure from 
above and below by an upper punch 1 64 and tooth form- 
ing portion 162b, respectively. In this case, however, if 
tooth forming portion 162b is formed to have a rounded 

5 end face in order to form the tooth having a rounded 
corner, a tip portion of tooth forming portion 1 62b (a por- 
tion indicated by a region P1) becomes thinner, and the 
tip portion may be damaged by pressure applied during 
the pressure forming. 

w [0073] In order to prevent the damage, it is also con- 
ceivable that both ends of a molding surface of tooth form- 
ing portion 162b (a portion indicated by a region P2) are 
formed to be flat as shown in Fig. 15. In this case, how- 
ever, a projection 2a is formed on tooth 2 as shown in 

is Fig. 16A. As a result, when coil 6 is wound as shown in 
Fig. 1 6B, the insulating film of coil 6 may be damaged by 
a square portion (a region P3) of projection 2a. 
[0074] In contrast, when tooth forming portion 52 is 
fixed relative to die 51 and formed not to move as shown 

20 j n Figs. 9A to 9C, the strength of tooth forming portion 
52 can be maintained. Consequently, the damage to the 
tip portion of the tooth forming portion (the damage de- 
scribed referring to Fig. 14) can be prevented, and tooth 
2 in a desired shape, without projection 2a shown in Figs. 

25 1 6A and 1 6B, can be formed. 

[0075] Although the present embodiment describes 
the case where stator core 1 0 is formed by stacking two 
annular dust core pieces 5, stator core 1 0 may be formed 
by stacking two annular dust core pieces 5 with one or a 

30 plurality of additional annular dust core pieces 5a inter- 
posed therebetween as shown in Fig. 17. 
[0076] Additional annular dust core piece 5a has the 
same planar shape as that of annular dust core piece 5, 
and has a straight cross section in the yoke and the tooth 

35 (that is, has a flat joint surface 5a1 ). 

[0077J When dimension H1 of stator core 10 in the 
height direction is significantly increased, dimension T2 
of each of two annular dust core pieces 5 in the height 
direction is also increased, and density distribution may 

40 occur in the height direction when these pieces are 
formed by pressure forming. By interposing additional 
annular dust core piece 5a between two annular dust 
core pieces 5, dimension H1 of stator core 1 0 in the height 
di rection can be adjusted to be increased without increas- 
es ing dimension T2 of each of two annular dust core pieces 
5 in the height direction. Further, since there is no need 
to increase dimension T2 of each of two annular dust 
core pieces 5 in the height direction, density distribution 
within annular dust core piece 5 in the height direction 

50 can be suppressed to a minimum. 

[0078] Further, when two annular dust core pieces 5 
are fixed to each other by either one or both of a bolt and 
engagement between a recess and a protrusion, a por- 
tion through which the bolt is inserted, or one of a recess 

55 and a protrusion should be provided in each of two an- 
nular dust core pieces 5. In this case, referring to Fig. 1 8, 
of an inner circumferential end face 4d and an outer cir- 
cumferential end face 4e of yoke 4, a bolt inserting portion 
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20 through which a bott is inserted, or one of a recess 
and a protrusion 20 is preferably provided in proximity of 
the end surface of yoke 4 (in the present embodiment, 
outer circumferential end face 4e) that is opposite to the 
end face of said yoke 4 on which tooth 2 is located (in 5 
the present embodiment, inner circumferential end face 
4d). 

[0079] In stator core 10, lines of magnetic force are 
generated to extend from tooth 2 to yoke 4 or from yoke 
4 to tooth 2, and thus the lines of magnetic force exist in io 
a region in proximity of the end face of yoke 4 on which 
tooth 2 is located (in the present embodiment, a region 
in proximity of inner circumferential end face 4d). If bolt 
inserting portion 20 or one of recess and protrusion 20 
is located in this region in which the lines of magnetic « 
force exist, magnetic properties may be deteriorated. 
Consequently, by disposing bolt inserting portion 20 or 
one of recess and protrusion 20 in proximity of the end 
face of yoke 4 (in the present embodiment, outer circum- 
ferential end face 4e) that is opposite to the end face of 20 
yoke 4 on which tooth 2 is located, two annular dust core 
pieces 5 can be fixed with magnetic properties prevented 
from being deteriorated. 

[0080] More preferably, bolt inserting portion 20 or one 
of recess and protrusion 20 is disposed in a region 4a (a 25 
hatched region) of yoke 4 outside two circular arcs drawn 
with one end Q1 and the other end Q2 of a root portion 
of tooth 2 as centers and with a radius of a tooth width L1 . 
[0081 ] This more easily allows bolt inserting portion 20 
or one of recess and protrusion 20 to be disposed to 30 
avoid the region in which the lines of magnetic force ex- 
tend. 

[0082] Further, when a width L2 of yoke 4 is smaller 
than width L1 of tooth 2, it is preferable to provide a pro- 
jection 4b of yoke 4 on the end face of yoke 4 (in the 35 
present embodiment, outer circumferential end face 4e) 
that is opposite to the end face of yoke 4 on which tooth 
2 is located (in the present embodiment, inner circumfer- 
ential end face 4d) as shown in Fig. 1 9, and dispose bolt 
inserting portion 20 or one of recess and protrusion 20 <o 
in projection 4b. 

[0083] This more easily allows bolt inserting portion 20 
or one of recess and protrusion 20 to be disposed to 
avoid the region in which the lines of magnetic force ex- 
tend. 45 
[0084] In the manufacturing steps described above, 
each of the plurality of arcuate dust core pieces 7 may 
be disposed in a set-up mold and sealed with a resin. 
When each of the plurality of arcuate dust core pieces 7 
is sealed with a resin, stator core 10 is covered with a 50 
resin 9 as shown in Fig. 20. In stator core 10 with the 
structure shown in Fig. 20, it is preferable that each inner 
circumferential surface of flange 3 is exposed from resin 
9 to provide an interval of a predetermined length be- 
tween flange 3 and rotor core 11. 55 
[0085] Further, the arcuate dust core piece may have 
a structure as shown in Fig. 21 or 22, instead of the struc- 
ture having one tooth and one yoke as shown in Fig. 4. 
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Arcuatedustcorepiece7in Fig. 21 has yoke 4 extending 
in the circumferential direction (the direction indicated by 
arrow B) with a length double the length of the yoke of 
the arcuate dust core piece in Fig. 4, two teeth 2 projecting 
from yoke 4 inwardly in the radial direction of yoke 4, and 
two flanges 3 extending in the circumferential direction 
at projecting ends of two teeth 2. Yoke 4, teeth 2, and 
flanges 3 are formed integrally. Furthermore, arcuate 
dust core piece 7 in Fig. 22 has yoke 4 extending in a 
semicircle, six teeth 2 projecting from yoke 4 inwardly in 
the radial direction of yoke 4, and six flanges 3 extending 
in the circumferential direction at projecting ends of six 
teeth 2. Yoke 4, teeth 2, and flanges 3 are formed inte- 
grally. Further, the annular dust core piece may be 
formed by combining a plurality of arcuate dust core piec- 
es having different numbers (shapes) of yokes and teeth. 
By allowing one arcuate dust core piece 7 to have a plu- 
rality of teeth and yokes as the arcuate dust core piece 
shown in Figs. 21 and 22, the number of pieces can be 
reduced. 

[0086] Although the above description has been given 
on the structure of an inner rotor in which rotor core 1 1 
is located inside the inner periphery of stator core 10 as 
shown in Fig. 1 , the present invention can also be applied 
to the structure of an outer rotor in which a rotor core is 
located outside the outer periphery of a stator core. 
[0087] It should be understood that the embodiment 
herein disclosed is, in all respects, by way of illustration 
only and are not by way of limitation. The scope of the 
present invention is set forth by the claims rather than 
the above description and is intended to cover all the 
modification within a spirit and scope equivalent to those 
of the claims. 



Claims 

1 . A dust core ( 1 0), comprising: 

first and second annular dust core pieces (5), 

wherein each of said first and second annular dust 
core pieces (5) has a plurality of arcuate dust core 
pieces (7) each integrally having a yoke (4) extend- 
ing in an arc shape and a tooth (2) projecting in a 
radial direction of said yoke (4), 
said plurality of arcuate dust core pieces (7) are each 
disposed along a circumferential direction of said 
yoke (4) and joined together, and 
said first and second annular dust core pieces (5) 
are stacked in a height direction and joined together. 

2. The dust core (1 0) according to claim 1 , wherein a 
joint (32) between said plurality of arcuate dust core 
pieces (7) is provided with a boundary surface (31) 
formed by joining said plurality of arcuate dust core 
pieces (7). 
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3. The dust core (10) according to claim 2, wherein 
each of said plurality of arcuate dust core pieces (7) 
has a surface roughness Ry of not more than 3 p,m 
in said boundary surface (31). 

4. The dust core (10) according to claim 2, wherein said 
plurality of arcuate dust core pieces (7) are fixed with 
a resin (33) applied to said boundary surface (31). 

5. The dust core (10) according to claim 1, wherein a 
dimension of said tooth (2) in said height direction is 
smaller than a dimension of said yoke (4) in said 
height direction. 

6. The dust core (10) according to claim 1, wherein a 
corner (C) of said tooth (2) has a rounded shape. 

7. The dust core (10) according to claim 1 , wherein said 
first and second annular dust core pieces (5) are 
fixed by at least one of a bolt and a combination of 
a protrusion and a recess, and a portion through 
which said bolt is inserted, or one of said protrusion 
and said recess (20) is located in proximity of one of 
an inner circumferential end face (4d) and an outer 
circumferential end face (4e) of said yoke (4) that is 
opposite to the end face of said yoke (4) on which 
said tooth (2) is located. 

8. The dust core (1 0) according to claim 1 , further com- 
prising an additional annular dust core piece (5a) 
interposed between said first and second annular 
dust core pieces (5), 

wherein said additional annular dust core piece (5a) 
has the same planar shape as that of said first and 
second annular dust core pieces (5), and has a 
straight cross section in said yoke (4) and said tooth 
(2). 



wherein a mold used f orthe pressure forming of each 
of said plurality of arcuate dust core pieces (7) is 
divided into at least a mold portion (52) forming said 
tooth (2) and a mold portion (53a) forming said yoke 
5 (4), the mold portion (52) forming said tooth (2) being 
fixed relative to a die (51) of said mold and the mold 
portion (53a) forming said yoke (4) being movable 
relative to said die (51). 

w 
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9. A method of manufacturing a dust core (10), com- 
prising the steps of: 



forming a plurality of arcuate dust core pieces 
(7) each integrally having a yoke (4) extending 
in an arc shape and a tooth (2) projecting in a 
radial direction of said yoke (4), by performing ^ 
pressure forming on soft magnetic powder; 
fabricating each of first and second annular dust 
core pieces (5) by disposing each of said plural- 
ity of arcuate dust core pieces (7) along a cir- 
cumferential direction of said yoke (4) and join- so 
ing said plurality of arcuate dust core pieces (7); 
and 

stacking said plurality of arcuate dust core piec- 
es (7) in a height direction and joining said plu- 
rality of arcuate dust core pieces (7). 55 

10. The method of manufacturing a dust core (10) ac- 
cording to claim 9, 
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